This work presents the results of a three-year natural environment experiment in a cave in Barsukovskaya, Siberia), aimed at assessing the possible impact of mammals preying on a wintering group of bats. The average consumed biomass amount per year was about 2108 g and the estimated number of prey animals was 214, which is about 20% of the maximum number of animals observed. The biomass consumed poorly correlates with the number of animals in the cave. The proportion of the various species remaining in the excrement of predators is strongly determined by the number of these species in the accessible part of the cave. The amount of excrement indicates the regular predatism on bats and, therefore, the presence of specific behavioural adaptation in Mustela sibirica.
Introduction
The majority of works devoted to predatism on bats note the random nature of this phenomenon (Ryberg 1947; Dwyer 1964; Gillette and Kimbrough 1970; Taylor 1964; Fenton and Fleming 1976; Sparks et al. 2000; Molinari et al. 2005) . Only a few studies indicate the possibility of species specialisation for hunting chiropterans (Bauer 1956; Black et al. 1979; Estók et al. 2009 ) which leads to insignificant losses in the prey population. However, the cited works mention targeted hunting for birds. Data on winter preying by mammals on bats are scarce (Tiunov and Yudin 1986; Dulitsky 2001; Khritankov and Shishikin 2001; Sparks et al. 2003) and do not provide a quantitative assessment of the predator impact, whereas groups of bats, wintering in underground and other shelters, are most vulnerable to mammals.
This work presents the results of a three-year natural environment experiment, aimed at assessing the possible impact of mammals preying on a wintering group of bats.
A case of bats predation by Mustela sibirica Pallas, 1773 is addressed. The area of siberian weasel is mainly in Asia. It inhabits mainly forest and forest-steppe spaces, often settling near rivers. The basis of the diet in natural landscapes are small mammals and birds.
Methods
To estimate the impact of predators on the wintering group of bats, observations were made in Barsukovskaya cave (54°22.15'N, 83°57.39'E) located in Altai-Sayan mountain country of the Salair ridge western spurs in the forest-steppe zone at an altitude of 181 m above sea level. The entrance to the cave is located on the southern slope which is covered with grassy, shrubby and woody vegetation ( Figure 1 ). The river Ukrop is 50 m from the entrance while poplars, birch and bird cherry grow in the bottom area. Barsukovskaya cave is of karst origin and is a corridor-labyrinth type. The depth of the cave is 19 m, the length is 100 m. The average passage height is about 1.5 meters (minimum -30 cm; maximum -5 m), average stroke width of about 2 m (minimum -60 cm; maximum -12 m). On the walls and ceiling there are a large number of ledges and cracks.
The cave is located in the continental climate zone. The average annual air temperature is 0.2 °C. The duration of the cold period is 178, warm -188, frost-free -120 days. The annual rainfall is ≈ 425 mm. The air temperature in the cave does not fall below + 3 °C.
In September 2015, excrement from Mustela sibirica Pallas, 1773 was discovered in the cave. The species identification was carried out via excrement size and shape (Formozov 2018) . The bottom of the cave was cleared of all excrement at that time. The cave examinations were carried out from December 2015 to December 2017, when excrement was collected and the number and species of the wintering animals were determined.
The collected excrement was kept in a dry-heat oven for 3 hours at a temperature of 120 °C then weighed to the limits of a centigram. To identify the content of excrement, it was saturated with water and studied in a Petri dish with a microscope. The identification of the species of prey animals was determined through the occurrence of their species-specific skulls parts (e.g. jaws or their parts, molars, tympanic bones or skull occipital parts).
To estimate the biomass consumed, a correction index showing the ratio between the consumed biomass of prey and undigested residues was used (Lockie 1961; Brzeziński and Marzec 2003) . Due to the lack of experimental data on the index value for bats, values for small mammals (rodents, insectivores) of 22 were used (Lockie 1961) . Having determined the occurrence of each object in the diet and, thereby, the share of its biomass from the total and dividing by the average mass of the prey in the winter, the number of consumed chiropteran individuals was obtained. In order to determine the average mass of species, individuals that were in an active state during the cave survey were weighed. Before weighing the animals were placed in a rag bag, with previously established mass. The measurements were carried out with an electronic weight-scales Pesola MS500. After weighing the animals were placed back on the walls of the cave.
The air temperature at the surface, precipitation and the snow-cover height were analysed for the whole observation period (Table 1) , with the exception of the summer months when bats were only found sporadically in the cave (Zhigalin et al. 2019) . Weather conditions were obtained from the nearest weather station archive, located in the village of Maslyanino (54°21.15'N, 84°12.03'E).
The value of variables correlations was estimated with the Pearson coefficient.
Results
In total, the cave was examined 5 times during the observation period. (Table 2) . M. petax and Mu. hilgendorfi (Figure 2 ) dominate in the cave, other species being found sporadically and not annually. In autumn and winter periods, most animals stay in the inaccessible parts of the cave; up to 300 individuals were found in the accessible area during different examinations. An exception was the beginning of winter 2017, when 615 animals were observed in the cave. The maximum number of bats in this shelter was found in the spring, when there were up to 1000-1300 individuals.
When examining the cave, most of the animals were located in the cavities and cracks of the ceiling. The number of animals on the walls of the cave and in their cracks in different periods ranged from 15 to 23%. The minimum height from the ceiling where animals were located was 30 cm, the maximum -5 m. Representatives of the Myotis and Murina genera, as a rule, are located in close proximity to each other, forming clusters of up to several dozen individuals. All individuals of E. nilssonii and P. ognevi held alone and located in the entrance part of the cave.
The average weight of the bat was calculated by weighing 348 Myotis petax, 8 Myotis sibiricus and 124 Murina hilgendorfi individuals. The study showed that the average mass of M. petax is about 9.0 g, M. sibiricus -7.7 g and Mu. hilgendorfi -11.01 g. The analysis of the weasel excrement showed that the remains belonged to three species of bats: M. petax, M. sibiricus and Mu. hilgendorfi (Table 3) .
In the cave, the remains of an M. petax were discovered (Figure 3) . 
Discussion
During the cave survey, the Mustela sibirica excrement was found in all parts, including the deepest cavities. The excrement study showed that it consists fully of bats remains (wool, bones), which makes this case unique. In previous studies, the maximum proportion of bat remains in predator droppings was no more than 75% in sable Martes zibellina L., 1758, which hunts in the cave of the Stolby reserve (Khritankov and Shishikin 2001) . The absence of the remains of other animals and plants in the studied material may indicate that the predator entering the cave was very hungry. It was also found that the biomass consumed poorly correlates with the number of animals in the cave (r = 0.73; p > 0.05). The data shows that most of the prey are M. petax, which account for up to 63.8% of all remains. The proportion of the remains of Mu. hilgendorfi is up to 52.3%. The proportion of the remains of various species in the excrement is strongly determined by the number of these species in the accessible part of the cave (r = 0.7; p < 0.05). The proportional ratio of the species number and their remains in the excrement indicate the absence of species preferences in the predator.
The average consumed biomass amount per year is about 2108 g and the estimated number of prey animals is 214, which is about 20% of the maximum number of animals observed.
Correlation analysis revealed that the amount of consumed biomass is connected with the average snow cover height (r = 0.99; p < 0.01) and its maximum values (r = 0.95; p < 0.05). The reason for this, in our opinion, is that with an increase in snow cover, hunting for small mammals becomes more energy-consuming and less effective.
The siberian weasel hunting strategy for bats remains unclear. Apparently, Mustela sibirica hunts animals that are located closest to the floor of the cave, climbing via the cracks to reach the bats. This strategy has already been recorded in another location in Siberia (Khritankov and Shishikin 2001) . Active hunting for awakened and flying bats is also possible, which is most typical for siberian weasel.
Conclusion
The amount of excrement indicates the regular predatism on bats and, therefore, the presence of specific behavioural adaptation in Mustela sibirica. The calculated values of the prey number indicate significant losses in the bat group due to the hunting of Mustela sibirica. Hunting for chiropterans, perhaps, is a more efficient way to forage with lower energy costs in the snowy period.
